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every year [3]. Due to adverse environmental effects associated 
with chemical insecticides have led to the search for an alternative 
methods for controlling different disease-transmitting mosquito 
species [4]. Over the past 20 years, botanical insecticides have 
thrown an attention as new approaches to insect control [5]. 
In India has rich in aromatic plant diversity with potential for 
development of natural insecticides for control of mosquito 
and other pests [6]. In this regards plant seed contain several 
biologically active proteins that play a various specialized 
functions, in these the most representative molecules are 
hydrolytic enzymes, inhibitors, lectins and the ribosome 
inactivating proteins [7, 8]. Among these several insecticidal 
molecules, the lectin play a major role in control of several 
insect pest order such as Coleoptera, Diptera, Lepidoptera and 
Homoptera, due to these protein can act as recognition molecules 
in cell–cell or cell–matrix interactions [9] and may bind to the 
peritrophic membrane and especially it has ability to bind to 
carbhohydrate chain moieties on insect gut membrane and it has 
some characteristic features that these protein are resistant to 
proteolytic degradation by insect digestive enzymes, therefore it 
has inhibit the food digestion, absorption and consequentially the 
larvae was dead. [9-12]. Lectin from Myracrodroun heartwood, 
bark and leaf showed effective larvicidal activity of Aedes aegypti 
[13]. In addition, Coelho et al [14] reported that WSMoL showed 
larvicidal activity in the lethal concentration values of (LC50 0.197 
mg/mL) against the (L4) of Aedes aegypti. The Manilkara zapota 
belongs to the family of sapotacea, Genus: Manilkara, Species: 
zapota and it has become a major commercial crop in India. It is 
growing to a height of around 8 meters.  The bark is dark brown 
and deeply fissured and fruit is brown, fleshy, ovoid to round 3-8 
cms long and fruit containing 5 or more shiny blackish brown 
seeds [15-17]. The plant material has various biological activities 
such as the leaves have larvicidal activity of Haemaphysalis 
bispinosa, Hippobosca maculata, and Anopheles subpictus [18] 
anti-microbial, antibacterial [19, 20] and antioxidant properties 
[21]. Seed protein are small hydrophilic proteins, ranging from 
83 to 153 amino acid residues, performing a number of crucial 
physiological function mainly seed has sapling defense [22]. Till 
date there is no report available using crude protein extract to 
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Introduction
Vector control are most important task to prevent the viral 

disease spreading insect due to caused transmitted disease 
between the populations worldwide, especially the Aedes aegypti 
belongs to arthropod insect transmitted disease called dengue 
hemorrhagic fever and chikungunya [1]. Dengue is the fastest 
growing mosquito borne viral infection and its impact today is 
30 times greater than 50 years ago. As recently as the 1970s, 
less than 10 countries had reported epidemics of severe dengue. 
These days, dengue is present in over 150 countries and The 
WHO estimates that about 40% of the world’s population being 
infected with dengue to all age groups is at risk. According to 
the World Health Organization (WHO), there are about 390 
million cases of dengue fever worldwide in both developed and 
developing countries [2]. In India, official records of the Union 
Health Ministry reveal an immense increase in dengue infections 
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evaluate the mosquito larvicidal activity in this plant material. 
Therefore we here designed this study to evaluate the larvicidal 
activity of Manilkara zapota seed crude protein against various 
larval instars of Aedes aegypti.

Material and Methods
 Collection and Identification of Plant Materials

The full mature ripened fruit seeds were collected from the 
surrounding area of kotturpuram and Guindy, Chennai, India 
in 2016. The identity of the plant material was verified by the 
taxonomist, Prof. T. Balasubramanium, Department of Advanced 
Studies in Botany at University of Madras, India.

Preparation of Plant Extracts

The collected plant material was thoroughly washed with 
distilled water and shade dried at RT. The dried seed coat was 
removed manually; after this coat removed it was powdered 
by using an electric grinder. These powders were stored in air 
tight container and kept in 4° C. The finely grinded powder was 
subjected into 5% Hexane to remove the fat content. According 
to methodology followed by Zeng [23] with slight modification, 
the dried plant seed powder was subjected into 50mM Tris-HCl 
and 115mM NaCl in the range of (1:10) at pH 7.4 the mixture 
was under magnetic stirred at cooled room temperature for 4 
hr. The stirred material was centrifuged at 15000 rpm for 20 
minutes. The supernatant was filtered and stored until bioassay 
performed.

Spectrophotometric Determination of Protein

The crude protein extract (0.1 ml) was added to 2 ml 
containing lowery’s reagent solution in 5 ml glass tube and then 
mixed thoroughly and incubated for 10 min’s. An aliquot amount 
of 0.2 ml of folin ciolteau’s (1:1) reagent was added to the reaction 
mixture and kept it for 30 minutes at Rt. The Optical density of 
reaction solution was read by Folin –lowery method [24] at 650 
nm with BSA using as standard.

Determination of Hemolytic Activity

Hemolytic assay was performed with erythrocytes using, the 
technique previously described by [25]. The crude plant protein 
of M. zapota 25 ul were serially diluted to each well containing 
the same volume of  25 ul  TBS buffer, pH 7.4, then 25 ul of 1.5% 
various vertebrate RBC suspension was added in 96 well ‘V’ 
bottom microtitre plate. The microtitre plate was kept at 37° C 
for 45 min’s for formation of lytic activity observation.

Insect Collection and Rearing

Aedes aegypti [figure 1] larvae were collected from the 
artificial made container at University of Madras Guindy campus 
and Adyar house hold areas, Chennai in the period time of Nov- 
Dec, 2015. The larvae were kept in plastic and enamel tray (30 
cm × 15 cm × 6.5 cm) and maintained under laboratory condition 
(26 ± 2) °C with photoperiod of 12:12 h (Light: Dark) and larvae 
Feed with dog biscuit: yeast (3:1; w/w) was regular provided. 
After pupation the pupae were maintained in mosquito cages at 

26 ± 2°C and relative humidity of 75 ± 3% under a photoperiod of 
12:12 h (L:D) for adult emergence. Required cotton was soaked 
in 10% aqueous glucose solution and put in petri plate to feed 
adult male mosquitoes. An immobilized rat kept in small cage and 
put into mosquitoes cage for 3 h to provide blood meal to Female 
mosquitoes. A plastic tray (11× 10×4 cm) filled with tap water 
with a lining of partially immersed filter paper and then placed 
inside of the cage to enable, the female mosquitoes to lay their 
eggs. The eggs obtained from the laboratory-reared mosquitoes 
and immediately allowed to hatch out under the controlled 
laboratory conditions as described above. Only the newly hatched 
specific instars of larvae were used in all bioassays.

Laboratory Bioassays

The larvicidal bioassay was performed by according to WHO 
[26] with some modification. The different concentration (1 to 
10 mg/mL) of crude protein was prepared from stock solution 
and was diluted to 50 ml of tap water containing bowl, in each 
concentration 10 number of different (I to IV) instars A. aegypti 
were introduced and each assay was performed four replicates. 
The numbers of dead larvae were counted after 24 h of exposure 
to plant material, the percentage of mortality was reported from 
the average of four replicates. The control was set up with TBS 
buffer.

Non-Toxicity Test

The Cladoceran, crude protein were collected from the 
freshwater pond of  Velachery lake, Tamilnadu, India and it was 
exposed at different concentrations (1 to 10 mg/mL) of plant 
extract  prepared from stock solutions, according to method 
recommended by Economic Co-operation and Development 
Guideline 202 for testing of Chemicals to aquatic organisms acute 
immobilization test [27]. The each concentration ten number of 
strains were subjected into the extract.

Statistical Analysis

The LC50 and LC90 values were calculated after 24 h by 
probit analysis and 95% class upper and lower confidence limits 
and chi-square values obtained using statplus v.5.

Result 
Medicative Importance of Plant Extract and Yield

The details about the medicinal plant tested, M. zapota for 
the bioactivity against different instars of A. aegypti are shown 
in [Table 1]. The crude protein extracted using various buffer at 
their optimum reducing environment, among the various buffer 
extraction, the TBS (50mM Tris buffer and 110mM saline) pH, 7.4 
extracted to obtain maximum protein concentration level (Data 
not shown).

Determination of Lectin Activity

The crude protein was analyzed to detect the Hemagglutination 
activity with various vertebrate RBC suspensions, such as sheep, 
Goat, Cow, Ox and Buffalo. Among the various RBC tested, 
interestingly it agglutinated with all vertebrate RBC without 
any divalent cation requirements and higher HA titer value is 
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Table 1:  LC50, LC90, and other statistical analysis of M. zapota seed crude protein against first to fourth instars larvae of A. aegypti

Species Stage Concentration Percent mortality ± S.D LC50 (LCL- UCL) LC90 (LCL-UCl) Slope x2 (df=8)

1 22.5 ± 0.5

2 47.5 ± 0.5

3 60 ± 1.41

4 72.5 ± 0.5

I st instar 5 87.5 ± 0.5 2.64 (1.56-2.83) 6.24 (4.09- 7.46) 47.5 1.12

6 100 ± 0.0

7 100 ± 0.0

8 100 ± 0.0

9 100 ± 0.0

10 100 ± 0.0

1 15 ± 0.57

2 35 ± 1.2

3 50 ± 0.81

4 62.5 ±0.95

5 75 ± 0.57

6 92.5 ±0.95 3.19 (2.23-3.66) 6.72 (4.84-8.12) 35 0.77

II nd instar 7 100 ± 0.0

8 100 ± 0.0

9 100 ± 0.0

A. aegypti 10 100 ± 0.0

1 12.5 ± 0.5

2 27.5 ± 0.5

3 45 ± 0.57

4 55 ± 0.57

5 62.5 ±0.95

III rd instar 6 77.5 ± 0.5 3.45 (2.61-4.22) 7.75 (6.40-12.18) 27.5 2.06

7 87.5 ± 0.5

8 100 ± 0.0

9 100 ± 0.0

10 100 ± 0.0

1 10 ± 0.81

2 17.5 ± 0.5

3 25 ± 0.57

4 35 ± 0.57

IV th instar 5 50 ± 0.81 4.68 (3.87-5.44) 8.33 (7.19-12.01) 90 1.56

6 65 ± 1.29

7 77.5 ±1.25

8 90 ± 0.81

9 100 ± 0.0

10 100 ± 0.0

Control- nil mortality, LC50- lethal concentration that kills 50 % exposed larvae, LC90- lethal concentration that kills 90% of exposed larvae to the 
plant extract, LCL= lower confidence limit, UCL= upper confidence limit, df = degree of freedom, x2 = chi square, p < 0.05  level of significant.
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obtained to Cow as 128,  when compared to other vertebrate 
erythrocytes as shown [Table 2]. Moreover these M. zapota seed 
crude protein did not show the agglutinin activity, which has 
ability to lysis the various RBC tested in this experiment, when 
repeated several times using erythrocytes. Therefore the plant 
extract has properties of hemolytic activity against Erythrocytes.

Mortality

The different instars (I to IV) of A. aegypti larvae [Figure 1] 
tested using plant extract and confirm larvicidal activity against 
the dengue vector. Which has obtained maximum mortality rate 
at their 5 to 6 mg/mL against all four instars shown in [Table 
1].The higher mortality rate (100%) of different instar has 
obtained at different concentration with significantly exposure 
to plant extract for 24 h. As shown in [Table 1] the crude protein 
elicit at maximum percent mortality rate at 6 to 1 mg/mL were 
100, 87.5, 72.5, 60, 47.5 and 22.5 for first instar; 92.5, 75, 62.5, 50, 
35 and 15 for second instar; 77.5, 62.5, 55.5, 45, 27.5 and 12.5 for 
third instar; 65, 50, 35, 25, 17.5 and 10 for fourth instar larvae of  
A. aegypti respectively. Therefore the rate of mortality is directly 
proportional to dose dependently increased the concentration. 

Lethal Effect

The lethal concentration is very correspondently important 
to obtained larval mortality without any harmful effect on 
environment, which has safe and identify the actual concentration 
to produce the required larval mortality in the range of 50 and 

90 % respectively. As presented in [Table 1] there is less lethal 
concentration is required to produce maximal mortality against 
all four instar of A. aegypti. The LC50 and LC90 values is determined 
to the corresponding developmental stages were 2.64 to 4.68 mg/
mL and 6.24 to 8.33 mg/mL against all four instars of A. aegypti.

Non- Toxicity Assay

The Cladoceran, Moina micrura was analyzed its mortality 
after 24 h exposed to plant material, the cladoceran tested 
container was slowly shakened for confirm their viability. Tested 
strains were moved normal swimming even after exposure to 
plant materials at different concentration. It confirms that M. 
zapota has been eco-friendly to the environment and non-target 
aquatic insect.

Discussion
Mosquitoes are vector caused transmitted disease among 

human populations. Mosquito control is very important crucial 
role in world wide especially in tropical and subtropical region. 
Mosquito control is very effective at their larval stage when 
compared to Adult, because it is easy to deal with them habitat. 
Vector mosquitoes are well developed resistance to chemical 
insecticides and harmful effect on environment and other 
non target aquatic insects. In this connection, Environmental 
protection Agency (EPA) and World Health Organization (WHO) 
have result released in renewed interest in the development and 
use of botanical pesticides as one of an alternative resources or 
a tool for integrated vector management programs [28]. In this 
regards many researchers have been reported the effectiveness 
of plant extracts against mosquito larvae. Hence in this concern 
the plants synthesize a primary and secondary molecules to 
defend themselves against insect attack [29]. Among these, 
secondary metabolites such as terpenic metabolites, phenols, 
alkaloids and cyanogenic glycosides. Similarly the proteins are 
also involved in the defensive capabilities of many green plants 
have been reported [30]. Such as proteins include digestive 
enzyme inhibitors, chitinases, vicilins, lectins and lectin-like 
proteins, these proteins have potential use as naturally occurring 
insecticide agents against pests and insect control [31]. In this 
connection, A number of earlier investigators have been also 
examined the effect of aqueous extracts (distilled water, tap water 
and saline extract) of different parts from a variety of plants on 
various and selected developmental stages of one or two species 
of mosquito [32-36]. Among these studies Villanueva et al. [35] 
screened fourteen different plants parts and family, reported 
that the aqueous extract of the roots from S. nigrescens were 
conducted to evaluate seasonal variation in larvicidal activity 
with different parts, among which several parts, only crushed 
root extracts has been elicit maximum mortality rate of 83-100%  
against A. aegypti larvae. Similarly the few investigators also 
attempt to extract the bioactive compound with nine different 
plants and their parts using inorganic solvents, among the 
different solvent extraction, the methanol extract of N. nucifera 
bring about the maximum mortality rate against A. stephensi 
[37]. By conversely, Chowdhury et al. [38] extracted the bioactive 
compounds from Solanum villosum berry using distilled water 
and five different organic solvents and obtained the higher 

Table 2: Hemolytic titer value of different erythrocytes

Erythrocytes Titer value

Sheep 52

Goat 62

Cow 72

Ox 82

Buffalo 52

Different morphological variance of  larvae

Photomicrograph taken using motic microscopy at 4X 

Figure 1: Different morphological variance of Aedes aegypti larvae
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mortality to the aqueous extract when compared to other all 
organic solvent extracts against third-instar larvae of A. aegypti. 

In the present study, for the first time the crude protein kernel 
extract from the M. zapota was found to be an effective larvicidal 
activity without affect the non target aquatic zooplankton and 
its evident from stronger larvicidal effects by impose 100% 
mortality of all four larval instars of A. aegypti within 24 h of 
exposure. Especially the first and second instar of this species 
were more susceptible and bring 100 % mortality to the extract at 
the 6 to 8 mg/ml, when compared to other larval developmental 
stages. In a similar study [39] were reported likewise that, the 
soapnut S. emarginatus has inflicted potent antimosquito activity 
against all the developmental stages of A. aegypti than other 
mosquito strains of C quinquefasciatus especially fourth stage 
larvae and pupae was has less susceptible of soap nut extract. By 
contrast the Ramanibai et al. [40] were reported the strongest 
Ovicidal, larvicidal and pupicidal activity of A. squamosa aqueous 
soluble extract against all the developmental stages of A. aegypti, 
particularly all the larval instar. Here the hemolytic activity 
of M. zapota seed protein has ability to lytic activity to all the 
veretebrate RBC tested with efficient larvicidal activity of A. 
aegypti. The complementary studies were also reported by Rama 
Devi et al. [41] the Hemolytic lectin from Acacia Melanoxylon has 
ability to bring forth maximum mortality against A. aegypti. In 
this same connection reported Pterocarpus osun and Bosqueia 
angolensis hemagglutinin crude seeds protein extracts did not 
cause mortality against Culex sp. But in the case of hemolytic M. 
zapota seed protein had efficient larvicidal activity against A. 
aegypti it may be based on the carbohydrates specificity binding 
domain on gut epithelial cells to bring mortality to the larvae. 
Hence in this bioassay to confirm that, this is the first report M. 
zapota seed protein has potent larvicidal agent with hemolytic 
properties. The tested plant material was also noted that it 
couldn’t able to reproduce mortality with active survivability 
against Cladocera, Moina micrura species when exposure to 
the plant materials at recommended concentration. The similar 
studies Ramanibai et al. [40] were also reported that the A. 
squamosa seed extract also not affected tested aquatic insect C. 
costatus at their tested concetration. In addition Koodalingam et 
al. [39] were also reported same studies with some disadvantage 
antimosquito activity of S. emarginatus has produced mortality 
against two non target aquatic organisms tested, Chironomus 
costatus (fourth instar larvae) at LC50 5.71 and LC50 4.78 and 
for Diplonychus rusticus (first instar nymphs) at LC50 9.29 LC50 
8.26 for 24 and 48 h exposed for 24 and 48 h exposed. But in 
our studies the M. zapota seed has not produced any mortality 
at tested concentration.  In addition the similar study were also 
reported by that, crude extract of the four selected plants extracts 
at the studied concentrations did not produce any harmful effect 
on non-target organisms. 

In conclusion, our study reveals that the larvicidal activity 
of hemolytic crude protein extracts of M. zapota seed bring out 
predominant mortality rate when dose dependently increased 
concentration against all the four instar larvae of A. aegypti 
under the laboratory condition without affect non-target aquatic 

strain. It is clearly demonstrate that the above finding of M. 
zapota seed protein can serve as a potent larvicide agent against 
A. aegypti larvae. Further analysis to be taken to purify the 
larvicidal molecules from plant seed crude protein for mosquito 
control under in vitro condition. Therefore the present study 
suggests that the active ingredients of this protein to be utilized, 
if possible, in preparing commercial product formulation as a 
mosquito larvicidal.
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